Anti-potassium, anti-quinidine, and anti-acetylcholine effects of thiamine tetrahydrofurfuryldisulfide (TTFD) on isolated guinea-pig atria were compared with those of thialium, dimethialium, dimethiamine propyldisulfide (DMPD), oxy thiamine, and oxythiamine propyldisulfide (OTPD). From the different effects of these thiamine derivatives having different chemical structures, the following fi ndings were obtained in relation to their possible active atom groups in above effects.
Anti-potassium, anti-quinidine, and anti-acetylcholine effects of thiamine tetrahydrofurfuryldisulfide (TTFD) on isolated guinea-pig atria were compared with those of thialium, dimethialium, dimethiamine propyldisulfide (DMPD), oxy thiamine, and oxythiamine propyldisulfide (OTPD). From the different effects of these thiamine derivatives having different chemical structures, the following fi ndings were obtained in relation to their possible active atom groups in above effects.
1) TTFD and DMPD showed an anti-potassium effect on the spontaneous con tractions; this action may be caused by atom groups common to their chemical structures, that is, the presence of an S-S bond and presumedly also of a pair of nitrogen atoms, one of which is in a 4-amino group in a pyrimidine ring and the other of which is in an open thiazole ring at a distance of about 4 angstrom from . the first.
2) TTFD and DMPD showed an anti-quinidine effect on the atria) contractions.
3) In its high concentrations, DMPD depressed the sino-atria) node activity.
4) The anti-acetylcholine effect of thiamine related compounds tested may be due to the fact that they have neither an S-S bond nor an amino group in their pyrimidine rings.
5) The anti-potassium, anti-quinidine effects of thiamine were weak, while those of the thiamine derivatives such as TTFD and DMPD were remarkable because of the presence of an S-S bond which may promote an affinity of the thiamine molecule for atria.
The fact that TTFD (thiamine tetrahydro furfuryldisulfide) (l, 2) at high concentrations has anti-potassium and anti-quinidine effects on isolated guinea-pig atria has been reported by the authors (3) . In the experiments reported here, the effects of TTFD were tested not only on spontaneous contractions of guinea-pig atria, but also on an electrically driven left atrium 225 
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and, moreover, on a sino-atrial node, and these effects were compared with those of thiamine, oxythiamine (4), oxythiamine propyldisulfide, dimethialium (5) , and dimethialium propyldisul fide, some of which could not produce thiamine in the atrial tissue and may act as anti-thiamine. From these results, an attempt was made to clarify the relation between the above effects of TTFD on atria and the nature of the chemi cal structure of TTFD. In the experiment in which the left atrium was used, the atrium without its sino-atrial node was driven by rectangular electrical stimuli from an electronic stimulator (Nihonkohden, MSE-3R type) at supramaximal intensity of 10 to 12 volts, 5 msec.'s duration and 2 cycles per sec. In this experiment, the effect of a drug was expressed by the change in contractile tension (t) only, as the contraction frequency was constant. (Fig. 1) ; each concentration of the drug was expressed in terms of M/L in the bath fluid. The relation between the concentration (-Log) and the percent change of (P) on each drug is shown in Fig. 2 . Both TTFD and DMPD increased the con traction potency (P) in proportion to the in In the succeeding experiment, thiamine related compounds were applied to study the atrial contractions which had been suppressed by the above potassium chloride, quinidine, and ACh, and then their anti-potassium, anti-quini dine, and anti-ACh effects were examined.
METHODS
2) Anti-Potassium Effect In a modified Locke's solution, in which the potassium ion concentration was made to be 2.0 to 2.5 times higher than the usual 5.6 The effect in each concentration was ex pressed by percent change in value of con tractile tension multiplied by beat rate per minute, from that of the contractions sup pressed by potassium chloride.
FIG. 2 and its
Concentrations of thiamine related compounds
Each value is mean and its standard deviation from 5 cases.
mM, the atrial contractions were suppressed both in amplitude and frequency. Thiamine related compounds were applied to the atria when the contraction potency (P) had been suppressed by the above high concentration of potassium ions to 50% or less of that of the control; and the percent change in (P) due to each compound was obtained. As shown in Fig. 4 , the anti-quinidine effects with TTFD or DMPD were remarkable, but with the other four drugs they were weak . 
2) Anti-Quinidine Effect
The anti-quinidine effects of the drugs were not examined, as the quinidine in concentrations tested in this experiment augmented the con tractile tension of the atrium driven by electri cal stimuli, although quinidine had suppressed the spontaneous atrial contractions.
3)
Anti-ACh Effect by quinidine, as shown in Fig. 10. 
Anti-ACh Effect 
DISCUSSION
The anti-potassium and anti-quinidine effects of TTFD on guinea-pig atria was reported by the authors in 1969, but the problem as to whether or not these effects were caused by the actions of TTFD as a vitamin and also the problem of which atom group in its chemical structure produced these effects had not been clarified. Several kinds of thiamine related com pounds were, therefore, tested for comparison with TTFD.
(oxythiamine has a hydroxy group in its pyrimidine ring; oxythiamine propyldisul fi de is a disulfide form of oxythiamine; dime thialium has a methyl group in place of an alcohol group, which plays a role in phosphoryla tion of thiamine, in its thiazol ring; and experi mentally these four compounds reveal antithia mine effects (4, 5) . TTFD, thiamine, and DMPD showed an anti-potassium effect on spontaneous atrial con tractions, on an electrically driven left atrium, and on its sino-atrial node (Figs. 12 and 13 OTPD showed a weak anti-potassium effect at its high concentrations. From these results, it was assumed that, in the chemical structure of Each anti-quinidine effect of these com pounds was similar to each of their respective anti-potassium effects, and its relationship to chemical structure was concluded to be similar.
As Holland et al. (6, 7) had reported that quinidine reduces the influx of sodium ions through the cell membrane in rabbit atria and secondarily depressed the potassium efflux, and, as Armitage (8) pointed out that the effect of quinidine on guinea-pig auricle is reduced by a low concentration of potassium ions in a me dium, it is assumed that the outward movement of potassium ions would be reduced by the application of quinidine and that the change in the ionic circumstance in the atrial cell mem brane after an application of quinidine may be similar to that brought about by a high concen tration of potassium ions in the medium. The anti-ACh effect of thiamine related compounds was marked with oxythiamine and DMPD, while the effect of OTPD was weak. This kind of effect may be, therefore, due to the lack of an S-S bond and an amino group in their pyrimidine rings.
As mentioned above, anti-potassium, anti quinidine, and anti-ACh effects were found not only in TTFD but also in other thiamine related compounds having no vitamin Bl activity. It is concluded that these effects of TTFD are caused by its molecular action and not by its action as a vitamin.
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